ABSTRACT-The data from the Visible Human Project (VHP) and the Chinese Visible Human (CVH), which are the serially sectioned images of the entire cadaver, are being used to produce three-dimensional (3D) images and software. The purpose of our research, the Visible Korean Human (VKH), is to produce an enhanced version of the serially sectioned images of an entire cadaver that can be used to upgrade the 3D images and software. These improvements are achieved without drastically changing the methods developed for the VHP and CVH; thus, a complementary solution was found.
I. INTRODUCTION
The Visible Human Project (VHP) was the first extensive research to release data of the serially sectioned images of the entire human body in 1994 (male) and 1995 (female). The VHP data consists of magnetic resonance (MR) images, computed tomography (CT) images, and anatomical images. After reconstructing the VHP data, three-dimensional (3D) images and software such as virtual dissection, virtual endoscopy, and virtual operation have been made. The VHP data, however, was not complete enough in certain aspects of data acquisition process. The main reasons of this are as follows. First, the two cadavers used for the VHP data were not ideal in age, body shape, and pathological findings. Second, the VHP data did not include complete MR and CT images of the entire body. Third, the VHP data did not include the anatomical images between the four blocks of the cadavers. Fourth, the anatomical images of the VHP data did not include anatomical structures that were smaller than 0.33 mm since both the interval and pixel size of the images were 0.33 mm or greater. Fifth, the color of the anatomical images of the VHP data was not similar to a living body because formalin was perfused into the cadaver prior to serial sectioning (Fig. 1) . Last, the VHP data did not include segmented images, which are essential to produce 3D image of each anatomical organ [1] [2] [3] [4] [5] .
The Chinese Visible Human (CVH) data was released in 2002 (male) and 2003 (female). The CVH data also included anatomical images that did not have colors similar to a living body because red gelatin solution was perfused (Fig. 1) . The CVH data included anatomical images whose intervals were 1.0 mm (male) and 0.5 mm (female) except the head and neck. The CVH data did not include segmented images [6, 7] .
The purpose of our research, the Visible Korean Human (VKH), is to enhance the serially sectioned images so to compensate the VHP and CVH data; subsequently, to promote the development of improved 3D images and software that will be helpful in the field of medical education and clinical trials. In the VKH, a Korean male cadaver was chosen and nothing was perfused into the cadaver. The cadaver's entire body was MR and CT scanned at 1.0 mm intervals to produce MR and CT images. After embedding the cadaver's entire body, it was serially sectioned at 0.2 mm intervals; each sectioned surface was inputted into a personal computer to produce anatomical images (pixel size: 0.2 mm) without any missing images. Eleven anatomical organs in the anatomical images were segmented to produce segmented images. The anatomical and segmented images were stacked and reconstructed to produce 3D images. 
II. MATERIALS AND METHODS
A donated Korean male cadaver was selected. To ensure that the quality of the cadaver was ideal for the final experiment, anatomists and diagnostic radiologists judged dozens of donated Korean cadavers in advance. As a result, a male cadaver, who died of leukemia, was chosen for the final experiment; he was young (33 years old), and the body size (1,640 mm, 55 kg) was Korean average. Neither fixative nor dye was perfused into the cadaver. Hairs were removed using scissors and razors, and entire body was washed with water and soap.
The cadaver was put into an immobilizing box. The cadaver was laid down parallel to the longitudinal axis of the immobilizing box made of wood. A pillow was supported under the head to prevent the head from extending. The palms were placed on each side of the trunk to make the attention posture. The direction and posture of the cadaver were fixed with an immobilizing agent (Mev-Green™), which is a foaming and solidifying agent generally used in radiation therapy.
The entire body of the cadaver was MR scanned by 1.0 mm intervals. The immobilizing box containing the cadaver was placed on the bed of the MR machine (GE Signa Horizon 1.5 Tesla MRI System, Milwaukee, WI) parallel to the longitudinal axis of the bed. Using body coil, the cadaver was horizontally MR scanned at 1 mm slice thickness and 0 mm interslice gap to produce 1,718 MR images (intervals: 1 mm) (TABLE  1) . Field of view and resolution of the MR images was 480 mm X 480 mm and 512 X 512, respectively, so the pixel size of the MR images was approximately 1.0 mm (Fig. 2) . As soon as MR scanning was completed, the immobilizing box containing the cadaver was frozen in a deep freezer. The entire body of the cadaver was also CT scanned by 1.0 mm intervals. The immobilizing box containing the cadaver was placed on the bed of the CT machine (GE High Speed Advantage, Milwaukee, WI) parallel to the longitudinal axis of the bed. The entire body of the cadaver was horizontally CT scanned at 1 mm slice thickness and 0 mm interslice gap to produce 1,718 spiral CT images at 1 mm intervals (TABLE 1) . Field of view and resolution of the CT images was 480 mm X 480 mm and 512 X 512, respectively, so the pixel size of the CT images was approximately 1.0 mm (Fig. 2) .
MR and CT images were transferred to a personal computer using picture archiving and communication system (PACS). The MR and CT images were converted from digital imaging and communication in medicine (DICOM) files (16 bits gray) to tag image file format (TIFF) files (8 bits gray) on the PiView software (Infinitt Co™) (TABLE 1 ).
An embedding box was made and four alignment rods were inserted into the embedding box (Fig. 3) .
The cadaver was put into the embedding box. The cadaver was taken out of the immobilizing box and laid down in the embedding box without changing the cadaver's direction (Fig.  3) .
The cadaver was embedded and frozen. A small quantity of embedding agent was poured into the embedding box and frozen to -70 C in the freezer. This process was repeated until the embedding box was fully filled with the embedding agent. (Fig. 3) .
A cryomacrotome was manufactured in order to serially section the entire body. A regular milling machine was remodeled into a cryomacrotome (Hanwon™). The main components of the cryomacrotome were a milling table and a cutting blade. The milling table was designed to fix and move the embedding box. The cutting blade (diameter: 360 mm), containing twenty teeth, was designed to serially section the cadaver and embedding agent of the embedding box (Fig. 4) . The teeth were replaced with new ones regularly during the experiment. Fig. 3 . Procedures for embedding and freezing. Cadaver is laid down into the embedding box with alignment rods (left). Embedding agent is poured into the embedding box (center). Embedding box, which is already serially sectioned in half, is put into the freezer (right). The embedding box was placed on the cryomacrotome and firmly fixed. When the embedding box was placed on the cryomacrotome, the footboard was directed to face the cutting blade. The embedding box was carefully placed on the cryomacrotome parallel to the longitudinal axis of milling table and firmly fixed using several holes and screws.
The process of serially sectioning the embedding box was performed for five months to make the sectioned surfaces. The embedding box on the milling table was moved toward the cutting blade at 0.2 mm interval. During the cutting blade rotated constantly at optimal speed, the embedding box was moved at optimal speed parallel to the cutting blade; as a result, the embedding box was serially sectioned at 0.2 mm interval (Fig. 4) . While serial sectioning, the embedding box was prevented from melting. After each serial sectioning, every sectioned surface was moved to a constant position for photographing the sectioned surface.
The location and direction of the digital camera, which was connected to the personal computer, were determined and fixed. We used a digital camera (DSC 560 Kodak™, resolution: 3,040 X 2,008). The digital camera was positioned to photograph 600 mm (width) X 400 mm (height) sized sectioned surfaces, which included the cadaver. After determining the position and direction of the digital camera, the digital camera was firmly fixed on a camera supporter, which was anchored to the laboratory floor (Fig. 4) . In addition, the location and direction of two strobe heads and their accessories were determined and fixed.
The sectioned surfaces were photographed using the digital camera to produce anatomical images, which were transferred to the personal computer. Every sectioned surface was photographed under constant conditions of the digital camera while two strobe lights were flashed (Fig. 4) . The anatomical image made by photographing the sectioned surface was transferred to the personal computer. Then the anatomical image was saved as TIFF format on personal computer.
Eleven anatomical organs (skin, bones, liver, lungs, kidneys, urinary bladder, heart, brain, digestive tract, respiratory tract, and arteries) were semi-automatically segmented to produce segmented images on the Adobe Photoshop (version 7.0, Adobe™).
The anatomical and segmented images were stacked and volume-reconstructed to produce 3D images. The 3D images of the anatomical and segmented images were sectioned to produce coronal and sagittal images (Fig. 5) .
From the 3D image of anatomical images, the 3D image of an anatomical organ was extracted and displayed with reference to the 3D image of the corresponding segmented image. Likewise, 3D images of several anatomical organs were extracted and displayed; some anatomical organs were semitransparently displayed. The 3D images were rotated at free angles (Fig. 6) . 
III. RESULTS
1,718 pairs of MR and CT images and 8,590 pairs of anatomical and segmented images were acquired. While the height of the cadaver was 1,640 mm, the length of the cadaver lying on the bed was 1,718 mm because the feet were plantarflexed. Intervals of the MR and CT images were 1 mm, so that 1,718 pairs of MR and CT images were acquired. Each cropped MR and CT image (TIFF format) had 505 X 276 resolution (pixel size: about 1.0 mm), 8 bits gray, and 769 KB file size. Intervals of the anatomical images were 0.2 mm; the segmented images were made on the basis of the anatomical images, so that 8,590 pairs of anatomical and segmented images were acquired. Each anatomical image had 3,040 X 2,008 resolution (pixel size: about 0.2 mm), 24 bits color, and 17,890 KB file size while each segmented image had 3,040X 2,008 resolution, 8 bits color, and 5,900 KB file size. The file size of the MR, CT, anatomical and segmented images was 199.7 GB in total (Fig. 2) (TABLE 1) .
MR and CT images were acquired as expected. The lateral parts of the upper limbs' MR and CT images were not cut off because body size of the cadaver was within the field of view (480 mm X 480 mm) of MR and CT images. Every MR and CT images (intervals: 1.0 mm) corresponded to one out of every five anatomical images (intervals: 0.2 mm) (TABLE 1) . Anatomical structures in the MR and CT images were relatively distinct (Fig. 2) .
Anatomical images were acquired as expected. The anatomical images were aligned, which was verified by examining the alignment rods and anatomical structures in the horizontal, coronal, and sagittal anatomical images (Fig. 5) and by referring to the corresponding MR and CT images (Fig. 2) .
The anatomical images had consistent brightness, which was verified by checking the gray scale and color patch in the anatomical images. The anatomical images showed clear anatomical structures with colors similar to living body (Figs. 1,  2) .
Segmented images were acquired as expected. The contours of eleven anatomical organs in the segmented images were correct, which were verified by examining the coronal and sagittal segmented images (Fig. 5) and the 3D images of anatomical organs (Fig. 6) .
IV. CONCLUSION
In order to compensate the VHP and CVH, we have produced VKH from a Korean male cadaver as follows: MR and CT images of the entire body (intervals: 1.0 mm, pixel size: 1.0 mm), anatomical images without missed images (intervals: 0.2 mm, pixel size: 0.2 mm) with colors similar to a living body, and segmented images of eleven anatomical organs. The VKH is an ongoing research: we are willing to produce VKH female data as well, and to produce the segmented images in more detail. The VKH data will be distributed worldwide free of charge. The VHP, CVH, and VKH data will complement each other at the present and future, and are expected to be valuable resources for the medical image library of 3D images and software in the field of medical education and clinical trials. More information about the VKH can be gotten from the article in IEEE Trans Med Imaging [8] .
